PRINCIPLES: Detection of elevated body temperature is critical in the early diagnosis of sepsis. Due to its convenience, infrared ear temperature measurement (IETM) has become the standard of care. Unfortunately, the limitations of this method are largely unexplored.
Limitations of infrared ear temperature measurement in clinical practice

Introduction
Since antiquity, temperature measurement has fascinated many scientists. The oldest known references to devices used to measure temperature date from the first or second century BC, when Philo of Byzantium and Hero of Alexandria are believed to have invented several such devices [1] [2] [3] . However, thermometry was not fully assimilated into medical practice until 1868, when Carl Reinhold August Wunderlich published a magnum opus and gave 37.0°C its special meaning for normal body temperature [1] . He described diurnal variation of body temperature and, in the process, alerted clinicians to the fact that normal body temperature is actually a temperature range rather than a specific temperature [1] [2] [3] . The assessment of body temperature is important in clinical practice, since hyperthermia (fever) or hypothermia are warning signals for serious medical conditions, e.g. severe infections [2] . Among 1000 patients presenting with fever at the emergency department (ED), more than half were found to have a systemic infection [3] .
During the last century various methods were used for the assessment of body temperature [4] [5] [6] . These included oral, axillary, rectal, pulmonary artery and urinary bladder measurements. Although useful in certain settings, all of these have significant limitations and disadvantages [4] [5] [6] .
Infrared ear temperature measurement (IETM) detects infrared emissions from the tympanic membrane and was introduced into clinical care 20 years ago [6] [7] [8] . Theoretically, IETM has the potential to reflect the core temperature more appropriately, since the tympanic membrane is perfused by a tributary of the artery that supplies the body's thermoregulatory centre [9] . Due to its obvious advantages, such as speed, convenience, freedom from the need for direct contact with the mucous membrane and high acceptability to patients, IETM has become the standard of care in most hospitals in North America and Europe [4] [5] [6] [7] [8] 10] .
Unfortunately, only partial attention has been focused on the potential limitations of IETM. Of greatest importance is preliminary evidence suggesting that the presence of cerumen may significantly affect IETM and result in lower recordings [11] [12] [13] [14] . This would be of major clinical importance since cerumen could, by its effect on IETM, obscure the presence of fever and thereby limit the identification of patients at risk for severe infections. This feature may be particularly deleterious in the frail elderly, in whom thermoregulation may be impaired and more than 30% of whom have impacted cerumen [15, 16] . By delaying the recognition of severe infections and the initiation of appropriate treatment, cerumen-induced false low IETM may significantly increase morbidity and mortality, especially in emergency care [17] [18] [19] .
To address these concerns we performed a large prospective cohort study assessing potential limitations of IETM in the ED.
Methods
Study design and patients
The FEver DEtection Routinely needs EaR inspection (FEDERER) study was a prospective, single-centre cohort study performed at the Emergency Department of Basel University Hospital. Patients presenting at the medical emergency department were randomly selected irrespective of their main symptoms and body temperature, in order to represent the full range of IETM, and asked to participate in the study. Each patient was requested to give writ- Figure 1 Flow chart of the standard procedure.
ten informed consent before measurements were taken. The study was conducted in accordance with the ethical principles stated in the most recent version of the Helsinki Declaration.
To minimise the effect of interindividual variations, only one experienced investigator performed the measurements throughout the study. Exclusion criteria were age under 18, acute life-threatening conditions including circulatory shock and respiratory failure, acute head trauma, previous ear surgery [13, 20, 21] and acute ear disease [6, 13, 22, 23] .
Procedure
Initially, baseline characteristics, vital signs, and any use of antipyretic drugs such as acetylsalicylic acid >500 mg or paracetamol were recorded.
Temperature was measured three times in the left ear and then three times in the right ear using a First Temp Genius ® infrared thermometer (Sherwood Davis & Geck, Gosport, UK) ( fig. 1 ). The infrared detector senses electromagnetic radiation emissions from tissue within view of the probe. A microprocessor calculates the temperature value of the observed structures. Measurements on the left side were taken with the device held in the left hand, measurements on the right side with the device held in the right hand, as recommended by the manufacturer and clinical experts [12] . We pulled the ear superiorly and posteriorly while aiming the infrared sensor at the midpoint between the opposite ear and the eyebrow [11, 12, 24] . All measurements were taken with the same thermometer throughout the study, with the device set for core mode displaying one decimal. Disposable probe covers were changed for each measurement. The depth of penetration into the external auditory canal was marked with a pen on the singleuse probe covers on each side and measured in millimetres after removal of the probe.
After the initial measurements the ear was inspected by standard otoscope to estimate the extent of cerumen. A semi-quantitative scale (0%, 25%, 50%, 75%, 100%) was prospectively defined and used to quantify obliteration of the external ear canal by cerumen. If cerumen was detected it was removed mechanically using surgical instruments such as hooks and small vacuum pumps. If necessary, cerumen was softened by applying some drops of a 3% solution of hydroxyperoxide for 10 minutes. It was then mechanically removed as described above. To avoid a cooling effect the solution was warmed to 37°C in an infusionbox.
To minimise the potential effect of reactive hyperaemia we waited for at least 10 minutes after the final instrumentation of the external auditory canal before taking the last two measurements in each ear.
Main outcome measures
We examined the mean change in infrared ear temperature (IET) accompanied by removal of cerumen. The effects of penetration depth, side of measurement and time since presentation were also analysed.
It was our hypothesis that five variables might influence the change in IET: removal of cerumen, instrumentation in the external auditory canal, acclimatisation to the
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To adjust for these confounders, the difference between change in patients with cerumen obturans and change in patients with 25% cerumen was defined as the primary endpoint (Δ100% -Δ25%). In patients with 25% cerumen we hypothesised that the small extent of cerumen should only marginally impact on the IETM, whereas all other confounders including instrumentation should equally apply to patients with 25% and 100% cerumen.
Additional analyses were performed to examine the association between depth of penetration and IETM. It was our hypothesis that in patients with only shallow penetration into the external auditory canal the variation between consecutive measurements would be greater.
Data collection and statistical analysis
Baseline characteristics, vital signs, cause of presentation, use of fever-reducing drugs, all IETMs, depth of penetration and extent of cerumen were anonymously documented on a standardised datasheet using Excel (Microsoft, USA).
All statistical analyses were performed using an SPSS software package (PC version 15.0, SPSS Inc., Chicago, IL). A statistical significance level of 0.05 and two-tailed tests were chosen. Comparisons were made using the ttest, paired t-test, Mann-Whitney-U test, Wilcoxon signedrank test and Jonkheere-Terpstra test, correlations using Pearson's correlation index or Spearman's rank correlation coefficient, as appropriate.
Results
A total of 333 patients were included in this trial (table  1) . The unselected study cohort represented 18% (333 of 1814) of all patients presenting at the medical emergency department within the study period of five weeks. The most frequent reasons for presentation were unspecific pain (n = 61, 18%), cerebral or neurological problems (n = 54, 16%) and abdominal discomfort (n = 54, 16%). Otoscopy revealed cerumen in 98 patients (29%). The prevalence of cerumen was comparable in men and women. No correlation was found between the extent of cerumen and sex (P = 0.92). The incidence of cerumen was similar in the left (n = 63) and the right ear (n = 82) (P = 0.08). Overall, bilateral cerumen was found in 47 patients (14%).
Among 145 ears presenting with cerumen, 33 (23%) showed obliteration of 25%, 20 (14%) obliteration of 50%, 19 (13%) obliteration of 75%, and cerumen obturans was found in 73 ears (50%) Increasing age was associated with a greater extent of cerumen (r = 0.24, P <0.001).
IETM during the first three measurements was comparable in patients with different extent of cerumen (P = 0.40) (fig. 2) . The mean range of three consecutive measurements in the same ear was 0.2 °C.
The primary endpoint, quantifying the impact of cerumen on IETM, represented a median rise of 0.20°C (95% CI 0.10-0.28°C, P = 0.03) after removal of cerumen obturans compared to the change of temperature after cerumen removal in patients with a 25% stenosis of the external auditory canal ( fig. 3) .
Depth of penetration was not correlated with level of measured temperature (r = -0.03, P = 0.39), but a very weak but statistically significant correlation with the range of the first three measurements was found (r = 0.11, P = 0.007) (fig. 4) .
Mean temperature (37.3°C in both ears; P = 0.78 for comparison) and range of temperature (left ear, 0.25°C; right ear, 0.24°C; P = 0.46) were comparable in the left and the right ears and reproducible irrespective of side of measurement ( fig. 5 ). Between the first three and the last two measurements a median time of 26 minutes elapsed (IQR 16-36 minutes). No correlation was found between time since admission to the ED and IET (r = 0.07, P = 0.79).
The use of antipyretic drugs such as acetylsalicylic acid >500 mg or paracetamol did not significantly lower IETM between the first three and the last two measurement within the study period (P = 0.13).
Figure 3
Effect of cerumen removal on mean temperature.
Box contains 50% of the median values, Whiskers define 95% CI.
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Discussion
This large prospective cohort study was performed to evaluate potential limitations of IETM. We report four major findings: first, cerumen was present in 29% of patients presenting at the ED. This finding is in complete agreement with earlier reports and suggests that the incidence of cerumen obturans has not changed significantly in recent decades [15, 16] Although cerumen obturans significantly reduced IETM, the difference induced was small (-.20°C) and in general not clinically meaningful. Hence, in contrast to earlier recommendations, routine ear inspection prior to
Figure 4
Correlation between penetration depth and range of infrared ear temperature measurement.
Size of the dots represents number of measurements.
the use of IETM is not warranted [12] . Second, neither the mean temperature nor the range of measurements was influenced to a clinically meaningful extent by the depth of penetration of the IETM probe in the external auditory canal. This observation negates our hypothesis that IETM may be associated with high range in patients with shallow penetration of the probe, assuming a less good angulation of the sensor to the tympanic membrane as compared to deep penetration [11] . Overall, IETM proved highly reproducible irrespective of penetration depth. Third, IETM provided comparable results in the left and right ears. This observation is of major importance, since earlier smallerscale studies reported conflicting data and provoked con-
Figure 5
Effect of side of measurement on infrared Ear temperature measurement. 
Bland-and-Altman plot for comparison of right and left ear measurements. Dotted lines represent the upper and lower limit of the 95% confidence interval of the mean difference.
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Swiss Med Wkly. 2010;140:w13131 siderable uncertainty [25] [26] [27] [28] . The results of this large contemporary study strongly suggest that the selection of the ear does not matter in clinical practice. In consequence, there is no particular need to use the same ear for repetitive measurements. Fourth, IETM does not change significantly within a period of 30 minutes in the ED, as long as there are no manipulations to the external auditory canal. Our findings extend and corroborate previous studies on the use of IETM. The effect of cerumen in lowering IETM may be related to several factors [11] . First, the ear canal has a temperature gradient, warmest at the tympanic membrane and coolest at the outer entrance of the external auditory canal [29, 30] . Cerumen is a poor heat conductor and its presence blocks the thermometer's view into the warmer inner portion of canal. Second, the deep cavity shape of the external auditory canal causes it to act much like a "blackbody", a perfect structure that is an ideal absorber and emitter of radiant energy in the far-infrared range. Large amounts of cerumen may cause a departure from the cavity shape and thus fewer emissions. Third, soiling of thermometer's probe window by cerumen may interfere with IETM.
Preliminary evidence suggested that the presence of cerumen may significantly affect IETM and result in lower recordings [11] [12] [13] [14] . However, these pilot studies were small and had several methodological limitations. Doezema and colleagues placed paraffin-coated plugs in one randomly chosen ear in 43 volunteers, and after 20 minutes of equilibration IETM was performed in each ear. The mean temperature of the occluded ear was 0.30°C lower than that of the opposite ear canal [11] [12] [13] [14] . Hasel and colleagues performed IETM in 14 elderly nursing home residents before and 3 to 4 days after irrigation to clear cerumen from the occluded ear [11] [12] [13] [14] . They found a mean rise of 0.13°C, which is similar to our finding (a median rise of 0.20 °C).
Since depth of penetration is not correlated with mean temperature or range of measurements, there is no need to maximise the insertion depth of the probe into the external auditory canal as long as the probe is continuously pointed in the estimated direction of the tympanic membrane.
We showed that time elapsed since admission to the ED, a correlate to any kind of potential acclimatisation, has no influence on measured body temperature. This finding has its special relevance in busy EDs where it is not always possible to take the IET within the first minutes after presentation.
Various studies have compared IETM with other clinically available methods for the assessment of body temperature [4, 6, 10, 31, 32] . Unfortunately, as none of the alternative methods can be considered an accepted "gold standard", these comparisons are difficult to interpret. For example, finding a difference between the temperature measured at the rectum and in the ear may simply reflect that body temperature differs from site to site. It is noteworthy that these differences between sites may also vary during the course of illness, due to a lag in temperature change at the rectum [31, 33] . We therefore decided to refrain from comparing IETM with other methods, and concentrated exclusively on potential limitations of the IETM. A systematic review showed that the mean differences between rectal and IETM -at least in children -were small [6] .
Potential limitations of the current study merit consideration. First, since we recruited consecutive patients rather than healthy volunteers, we cannot comment on what may be the best cut-off value to define fever. Based on oral temperature measurements from 148 healthy individuals [34] , Mackowiak et al. defined 37.2°C in the morning and 37.7°C in the afternoon as the upper limit of the normal temperature range. Second, our study was performed in the setting of a medical emergency department, where the fast and reliable assessment of body temperature in a wide range of patients is of major clinical importance. The findings from our study may not be extendable to IETM in rare and extreme situations such as avalanche victims or near drowning. Third, having the IETM performed by only one investigator following a standardised technique in our study, IETM might not be performed as reproducibly in clinical practice.
In conclusion, our findings confirm that IETM is a useful and reliable tool for the assessment of body temperature in clinical practice. None of the tested potential limitations, including the effect of cerumen obturans, impacts on IETM in a clinically meaningful way. Therefore, routine ear inspection prior to the use of IETM does not seem warranted.
